Abstract: In this research, biomolecule-immobilized multi-walled carbon nanotubes (MWCNTs) were prepared by using radiation-induced graft polymerization. For the immobilization of biomolecules, the surface of MWNCTs was functionalized by radiation-induced graft polymerization of acrylic acid. Based on the results of TGA and Raman spectroscopy it was found that acrylic acid was effectively graft-polymerized on the MWCNTs. Biomolecules such as DNA and proteins were immobilized onto the resultant poly(acrylic acid)-grafted MWCNTs. The results of the X-ray photoelectron spectroscopy and fluorescence microscopy confirmed that the biomoelcules were successfully immobilized on the poly(acrylic acid)-grafted MWCNTs.
Introduction
Carbon nanotubes (CNTs) have been considered as one of the attractive functional nanomaterials because of their unique physiochemical properties and having a wide range of applications. 1 Recently, the functionalization of CNTs with biomolecules such as DNAs and proteins has attracted a considerable interest in the field of biological applications such as biosensors, genome analysis, biofuel cells and drug discovery. 2, 3 To immobilize biomolecules on the CNTs, the surface functionalization of the CNTs by various methods including chemical, electrochemcal, thermal and plasma oxidation, and graft polymerization have been developed to generate functional groups (e.g., COOH) on the CNTs. 4, 5 The surface functionalization of the CNTs by radiationinduced graft polymerization is one of the attractive methods for the immobilization of biomolecules on the CNTs due to the several advantages as outlined in the following: 1) it does not require any harmful chemicals such as an initiator thereby making the process highly suitable for the immobilization of biomolecules and 2) it can control the degree of grafting by adjusting the irradiation conditions such as absorption dose, dose rate and monomer concentration and thus immobilizing biomolecules with various amounts. However, the immobilization of biomoecules on the CNTs through radiation-induced graft polymerization has been rarely reported.
The immobilization of biomolecules on the CNTs has been performed by either a covalent or non-covalent attachment.
The covalent binding-based methods have been preferred to the non-covalent-based ones because of their stability and durability of the attached biomolecules. 10 In this study, we described an efficient method based on the radiation-induced graft polymerization technique to covalently immobilize biomolecules such as DNAs and proteins on the surface of multi-walled carbon nanotubes (MWCNTs).
The biomolecule-immobilized MWCNTs were characterized by thermogravimetric analysis (TGA), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), and fluorescence microscopy.
Experimental
Control MWCNTs (purity: >95%, 10-15 nm overall di- 
Results and Discussion
The procedure for the immobilization of biomolecules on the MWCNT by radiation grafting process is depicted in PAA and MWCNT, the control MWCNT and MWCNT-g-PAA were characterized by Raman spectroscopy. 13 As shown in Figure 2( 
